Two bacterial strains, 2-2-12-1 T and 2-2-12-2, were isolated from the estuary of the Jiulong River, south-east China. Cells were
The genus Nitratireductor belongs to the family Phyllobacteriaceae and currently includes six species with validly published names according to LPSN (www.bacterio.net/ nitratireductor.html): Nitratireductor aquibiodomus [1] , N. kimnyeongensis [2] , N. basaltis [3] , N. indicus [4] , N. pacificus [5] and N. aquimarinus [6] . The genus also includes two species names that have not been validly published: 'N. lucknowense' [7] and 'N. shengliensis' [8] .
The genus Nitratireductor was first proposed by Labb e et al. [1] to accommodate Gram-negative, facultatively aerobic, white-pigmented, rod-shaped bacteria isolated from a marine denitrification system, which formed a novel lineage in the family Phyllobacteriaceae. Subsequent studies [6] have led to amendments to the characteristics of the genus Nitratireductor to include rod-shaped, short rod-shaped or coccoid cells, with variable motility and nitrate-reducing abilities. Colonies are white, light yellow, smooth grey or cream in colour, and the optimal growth temperature is within the range [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] C. Growth occurs at pH 5-12 and with 0-8.0 % (w/v) NaCl. The major quinone is Q-10, and the DNA G+C content is 56.7-63.0 mol%.
Surface water samples of the estuary of the Jiulong River, south-east China, were collected via Teflon-coated Niskin Bottles (Hydro-Bios) at 0.5 m depth in May 2012 [9] . Strains 2-2-12-1 T and 2-2-12-2 were obtained from the surface water (salinity was 0 % and temperature was 31. 4 C in situ) after direct plating of water sample dilutions on marine agar 2216 (BD Difco) plates and aerobic incubation at 30 C for 7 days. Strains 2-2-12-1 T and 2-2-12-2 were isolated and purified by streaking three times on marine agar 2216 and preserved in marine broth 2216 (BD Difco) supplemented with 30 % (v/v) glycerol at À80 C. Marine agar or marine broth 2216 were used to culture strains 2-2-12-1 T and 2-2-12-2 unless otherwise stated.
The morphology of strains 2-2-12-1 T and 2-2-12-2 was examined by transmission electron microscopy (JEM-1230; JEOL). The Gram reaction was determined in cells grown at 30 C for 24 h, according to the method described by Smibert and Krieg [10] . Strain 2-2-12-1 T comprised Gramstain-negative, short rods (Fig. 1) .
Phylogenetic analyses based on 16S rRNA gene sequences were carried out as described by Kang et al. [2] . Almost-complete 16S rRNA gene sequences (1408 nt) for strains 2-2-12-1 T and 2-2-12-2 were amplified using universal bacterial primers corresponding to Escherichia coli positions 8F (5¢-AGAG TTTGATCCTGGCTCAG) and 1492R (5¢-GGTTACCTTG TTACGACTT) [11, 12] and then purified and ligated to pMD 19 T vector (Takara) and cloned into E. coli DH5a. The 16S rRNA gene sequences of strains 2-2-12-1 T and 2-2-12-2 were analysed by using the BLAST program (NCBI) and compared with closely related sequences of reference organisms from the EzTaxon-e service [13] . The two novel strains shared 99.8 % 16S rRNA gene sequence similarity. The 16S rRNA gene sequences of strains 2-2-12-1 T and 2-2-12-2 were aligned with those of other related Nitratireductor species and phylogenetic trees were reconstructed using the neighbour-joining, maximum-parsimony and maximum-likelihood algorithms with MEGA The oxidase activities of strains 2-2-12-1 T , 2-2-12-2, 'N. lucknowense' DSM 24322 and N. pacificus MCCC 1A01024 T were tested according to Smibert and Krieg [10] and catalase activities were determined using 3 % (v/v) hydrogen peroxide solution [15] . Other biochemical tests for the four strains were carried out using the API 20NE and API ZYM systems (bioM erieux), according to the manufacturer's instructions, except that the NaCl concentration in all tests was adjusted to 1.5 %. The results are summarized in Table 1 . API ZYM tests confirmed different activities of strains 2-2-12-1 T and 2-2-12-2 for esterase lipase, valine aminopeptidase, trypsin, naphthol-AS-BI-phosphoamidase, a-glucosidase and Nacetyl-b-glucosaminidase compared with 'N. lucknowense' DSM 24322 and N. pacificus MCCC 1A01024
T (Table 1) .
Antimicrobial susceptibility tests were carried out using the disc-diffusion plate method [16] according to Fraser and Jorgensen [17] and Andrews [18] , with the following compounds (µg per disc): gentamicin (10) T were resistant to these compounds (Table 1) .
Strains 2-2-12-1 T and 2-2-12-2 were subjected to chemotaxonomic analysis including of cellular fatty acids and isoprenoid quinones. For cellular fatty acid analysis, strains 2-2-12-1 T , 2-2-12-2, 'N. lucknowense' DSM 24322 and N. pacificus MCCC 1A01024
T were grown on tryptic soy agar (TSA; BD Difco) medium at 30 C for 48 h. Saponification, methylation and extraction of the fatty acids were performed according to the protocol provided by the manufacturer of the Sherlock Microbial Identification System (MIDI, Microbial ID). Qualitative and quantitative analyses of fatty acids were performed using Agilent 6890N gas chromatograph equipment. Peaks were automatically integrated; fatty acid identities and percentages were analysed using the TSBA6 database of the system. Isoprenoid quinones were also extracted and analysed according to previously described methods [19, 20] . The predominant respiratory ubiquinone in strains 2-2-12-1 T and 2-2-12-2 was Q-10, and the predominant fatty acids were C 19 : 0 cyclo !9c (36.8 and 34.9 %, respectively) and C 18 : 1 !7c (36.1 and 40.0 %, respectively), with significant amounts also of C 16 : 0 (8.7 and 9.6 %, respectively), C 18 : 0 (4.9 and 4.2 %, respectively), C 17 : 0 (4.1 and 3.6 %, respectively) and C 17 : 0 cyclo (2.1 and 1.8 %, respectively). The fatty acid profiles of the four strains are listed in Table 2 . Polar lipids were extracted using a chloroform/methanol system and analysed by one-and two-dimensional TLC, as described previously [21] . Merck silica gel 60 F 254 aluminium- Ou
backed thin-layer plates (10Â10 cm) were used in TLC analysis. The plate dotted with samples was subjected to twodimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.) followed by the second solvent of chloroform/methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.). Total polar lipids were detected using molybdatophosphoric acid and specific lipid groups were detected using ninhydrin, molybdenum blue, a-naphthol, Dragendorff's solution and Schiff's solution [21] . The major polar lipids detected were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmonomethylethanolamine and phosphatidylglycerol (Fig. S3 ). There were no differences in the polar lipid profiles between strains 2-2-12-1 T and 2-2-12-2. The major polar lipids of strains 2-2-12-1 T and 2-2-12-2 were the same as those of 'N. lucknowense' DSM 24322 except phosphatidylcholine, which was absent from strains 2-2-12-1 T and 2-2-12-2 [7] .
Genomic DNA of strains 2-2-12-1 T and 2-2-12-2 was extracted as described previously [22] , using cells grown in marine broth 2216 for 2 days at 30 C. The purity of the genomic DNA was verified by absorbance ratios at 260/280 and 260/230 nm [23] . The genomic DNA G+C contents of strains 2-2-12-1 T and 2-2-12-2 estimated from the midpoint value (T m value) of the thermal denaturation profile, as described by Mandel et al. [24] , were 56.7±0.3 and 56.7±0.4 mol%, respectively. DNA-DNA hybridization experiments were performed with genomic DNA from strains 2-2-12-1 T , 'N. lucknowense' DSM 24322 and N. pacificus MCCC 1A01024 T , as described previously [25, 26] . Strain 2-2-12-1 T exhibited low DNA-DNA relatedness to 'N. lucknowense' DSM 24322 and N. pacificus MCCC 1A01024 T (57.3 and 52.3 %, respectively). In accordance with the 70 % cut-off value recognized for discriminating between bacterial species, strain 2-2-12-1 T was thus determined to be affiliated to a species separate from 'N. lucknowense' and N. pacificus.
On the basis of phenotypic characteristics, 16S rRNA gene sequence analysis and DNA-DNA reassociation values, strains 2-2-12-1 T and 2-2-12-2 are considered to represent a novel species of the genus Nitratireductor, for which the name Nitratireductor aestuarii sp. nov. is proposed. Meanwhile, discrepancies in physiological and chemotaxonomic characteristics and 16S rRNA gene sequence similarity between 2-2-12-1 T and 2-2-12-2 indicate that they are two strains instead of two clones. 
DESCRIPTION OF NITRATIREDUCTOR AESTUARII SP. NOV.
Nitratireductor aestuarii (aes.tu.a¢ri.i. L. gen. n. aestuarii of a tidal flat, pertaining to the estuary of the Jiulong River, south-east China, where the type strain was isolated).
Cells are Gram-stain-negative, non-motile, short rods without flagella. Growth occurs at 25-45 C, at pH 5.0-9.0 and with 0.5-2 % (w/v) NaCl, with optimal values of 30 C, pH 7.0-8.0 and 1.5 % (w/v) NaCl. Colonies are pale yellow, 1-2 mm in diameter, uniformly circular, semi-transparent and non-sticky, with a neat margin after growth on marine agar 2216 at 30 C for 3 days. Positive for oxidase and catalase. In API NE20 tests, utilizes a relatively narrow range of substrates, and glucose fermentation and assimilation are both positive. Negative for nitrate reduction and arginine T ; 5, N. aquibiodomus DSM 15645 T . +, Positive/sensitive; W, weakly positive; À, negative/resistant; NA, no data available. All strains were positive for esterase C4, leucine aminopeptidase and acid phosphatase but negative for Gram staining, gelatin hydrolysis, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, b-fucosidase, and utilization of L-arabinose, D-mannose and maltose. All the tested strains were resistant to sulfamethoxazole (no data for N. aquibiodomus), rifampicin and novobiocin (no data for N. aquibiodomus) but sensitive to piperacillin, penicillin, amoxicillin (no data for N. aquibiodomus), chloramphenicol (no data for N. aquibiodomus), ampicillin, ceftazidime (no data for N. aquibiodomus) and azithromycin (no data for N. aquibiodomus). [4] . †Data taken from Manickam et al. [7] . ‡Data taken from Lai et al. [5] . §Data for all strains were obtained under the same conditions except N. aquibiodomus DSM 15645 T .
||Results were different from those of Manickam et al. [7] and Lai et al. [5] . Strains show slight differences in 16S RNA gene sequence and content of fatty acid lipids, together with discrepant characteristics in alkaline phosphatase, and susceptibility to roxithromycin and cefotaxime.
The type strain, 2-2-12-1 T (=LMG 29090 T =CGMCC 1.15320 T ), was isolated from surface water of the Jiulong River in south-east China. Strain 2-2-12-2, isolated from the same source, is a reference strain of the species.
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